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CHAPTER 1

INTRODUCTION

1.1: PREFACE
In radar based applications wherein a radar system is mounted on a moving
platform, such as synthetic aperture radar (SAR) and moving target indication (MTI), it is
vital that the antenna maintain a constant phase distribution across the main beam of
radiation between successive radar pulses as the platform travels past a target.

A

technique that has been developed, which is used in such radar systems, is known as the
displaced phase center antenna (DPCA) technique. The DPCA technique works by
displacing the phase center of an antenna, mounted on a moving platform, backwards
relative to the motion of the platform such that the antenna appears stationary to the
target for successive radar pulses [1].

Historically, the DPCA technique has been

implemented using large phased arrays consisting of multiple subarrays or arrays of large
aperture antennas, both of which can be complex and costly.
The purpose of this thesis is to develop a novel and reconfigurable DPCA
technique which will use focal plane phased arrays as the primary feed for parabolic
reflector antennas.

This method will greatly reduce the cost and complexity of

implementing the DPCA technique compared to conventional techniques. In addition to
reduced complexity and cost, this technique will allow for the phase center of the
parabolic dish to be displaced in any arbitrary direction along the surface of the dish.
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This will enable a single-aperture antenna to track targets moving in any direction, as is
the case for MTI radars, or for SARs, to perform imaging while traveling in any
direction.

1.2: RESEARCH OBJECTIVES
The objective of this research is to successfully determine the ability of focal
plane phased array primary feeds to electronically displace the phase center location of
parabolic reflector antennas in any arbitrary direction along the surface of the dish,
without the use of any mechanical means. This primary objective may be broken down
into two secondary objectives:
A. To displace the phase center of a front-fed parabolic reflector dish
B. To displace the phase center of an offset parabolic reflector dish
These two secondary objectives can be broken down into sub-objectives in order
to begin to develop testing methodologies. The primary objective will be realized by the
following sub-objectives:
1. To determine the ability of a linear phased array to displace the phase center
of a front-fed parabolic reflector dish along one axis
2. To determine the ability of a planar phased array to displace the phase center
of a parabolic reflector dish in any arbitrary direction
The first sub-objective is considered to be a proof of concept for the second, and
therefore will only be applied to the front-fed parabolic reflector geometry. Once the first
sub-objective is confirmed, the goal of the second sub-objective is to demonstrate that the
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concept can be extended to any direction, as opposed to being limited along only one
axis.

1.3: THESIS STRUCTURE
Chapter 1 will serve as the introduction to this thesis, and will provide the purpose
and objectives of the research. The structure of this thesis is also described in Chapter 1.
A literature review is provided in Chapter 2, covering topics that are pertinent to this
research, such as phased array antennas, parabolic reflector antennas, the DPCA
technique, and related research. In Chapter 3, a three-element linear phased array is
designed and used as the primary feed for a front-fed parabolic reflector dish. In Chapter
4, a seven-element circular phased array is designed and used as the primary feed for a
parabolic reflector antenna. In Chapter 5, the phased array from Chapter 4 is used as the
primary feed for an offset parabolic reflector antenna. Finally, Chapter 6 will conclude
the thesis and outline future work that may stem from the research contained in this
thesis.
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CHAPTER 2

LITERATURE REVIEW

2.1: INTRODUCTION
Before presenting the methodology and results for the proposed research, it is
crucial that some background theory and previous works be introduced. In this chapter,
the concepts behind the displaced phase center antenna (DPCA) technique, phased array
antennas, and parabolic antennas will be briefly presented. Following those discussions,
previously researched works that are relevant to the topic of this thesis will be reviewed.

2.2: DISPLACED PHASE CENTER ANTENNA TECHNIQUE
Moving-target-indicator (MTI) radar systems suffer from a lack of target
detection performance for low velocity targets due to the motion of the platform, on
which the radar is mounted [1]. The forward motion of the platform broadens the Doppler
spectrum for clutter returns, which can be strong enough to overpower the target return of
low velocity targets. In order to circumvent this issue, the DPCA technique has been
developed. Before describing the DPCA technique, it is imperative that one understands
the meaning of the phase center of an antenna. The IEEE defines the phase center of an
antenna as the “location of a point associated with an antenna such that if it is taken as the
center of a sphere the radius of which extends into the far field, the phase of a given field
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component over the surface of the radiation sphere is essentially constant, at least over
that portion of the surface where the radiation is significant [2].” In other words, the
phase center location of an antenna can be considered the effective location on an
antenna, from which radiation emanates.
In MTI radar systems, the Doppler frequencies of clutter can be determined from
the following equation:
𝑓𝑑 =

2𝑉𝑥
𝜆

sin 𝜃,

(2.1)

where Vx is the radial velocity component, λ is the free-space wavelength of the operating
frequency, and θ is the angle between the scatter return and the platform’s direction of
motion [3]. As the radar system continues to move along, the Doppler spectrum of
surrounding clutter will begin to broaden. As the pulses from the radar are added together
the clutter returns will begin to overpower the return of low velocity targets. The DPCA
technique will be used to displace the phase center of the antenna backwards, relative to
the motion of the platform, such that the antenna will appear stationary in space with
respect to the target and any surrounding clutter. This will lead to a narrow Doppler
spectrum for clutter, which will improve the detection performance for low velocity
targets.
Historically, the DPCA technique has been performed using large phased arrays
of multiple identical subarrays or arrays of identical large aperture antennas. Both of
these implementations are expensive and increasingly complex. In this thesis, a DPCA
technique is proposed which uses a focal plane phased array as the primary feed for a
parabolic reflector dish. This approach will provide more degrees of freedom to
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electronically control the phase center displacement within a single-aperture antenna and
thus reduce both the complexity and cost of systems which utilize the DPCA technique.
2.3: PHASED ARRAY ANTENNAS
In some applications, such as radar, the ability to design antennas to have a
specified directivity or main beam direction is very useful. It is known from aperture
theory [4] that the directive properties of an antenna may be increased by increasing the
physical size of the antenna; however, this solution is not always possible. A more
convenient method would be to use multiple identical antennas to form an array. By
placing multiple identical antennas in close proximity to one another, the radiation from
each will interfere constructively at the far field region. This will result in more directive
radiation characteristics when compared to a single radiating element.
In addition to having increased directivity over single radiating elements, the main
beam of radiation originating from a phased array antenna may be steered by applying a
progressive phase shift between each element of which the array is composed. This
ability to control the location of the main beam of radiation makes phased arrays
extremely useful for applications such as MTI radar systems. Another application would
be for anti-jamming purposes [5-7]. Consider, for instance, there is a source of unwanted
radiation or clutter which is in the path of a sidelobe. The radiation from a phased array
could be steered such that the interfering signal would be aligned with a null in the
radiation pattern of the array, thus rendering it ineffective.
A further advantage of phased arrays is the capability to generate unique radiation
patterns by altering the amplitude excitation of each element within an array. Elements
within a phased array may be excited by using sampled values from a continuous source
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which correspond to the distance between the elements within the phased array. There are
several different methods which can be used to generate unique radiation patterns from a
phased array, for a variety of applications such as beam scanning, null steering, beam
shaping, minimizing sidelobe levels, and multiple beams [4, 8-9].

2.4: PARABOLIC REFLECTOR ANTENNAS
When parabolic reflector antennas are illuminated by a primary feed from the
focal point, the radiation emanated from the reflecting surface will collimate and the
resultant far-field secondary radiation pattern will be a high-gain pencil beam pattern
with a main beam along its optical axis. In addition to being high-gain, when a reflector
antenna with a circular rim is properly excited by symmetric primary feeds with equal
beamwidths in the principal planes, the secondary radiation pattern will also have low
cross polarization and sidelobe levels. These characteristics make the parabolic reflector
antenna extremely useful in fields such as radio astronomy, where such high-gain and
low-noise antennas are required [4]. In this thesis, two parabolic reflector geometries
will be illuminated by a phased array located in their focal planes in order to study the
effects of displacing the phase center location of the parabolic reflector antenna. The two
geometries are the front-fed parabolic reflector and the offset parabolic reflector
antennas.
The geometry for a front-fed parabolic reflector antenna is shown in Fig. 2.1. For
parabolic reflector antennas, it is common to refer to the source, from which the parabolic
dish is illuminated, as the primary feed. Thus, the radiation pattern for the primary feed is
known as the primary radiation pattern. Similarly, the radiation which emanates from the
parabolic dish is called the secondary radiation pattern [10]. When the parabolic reflector
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shown in Fig. 2.1 is illuminated from the primary feed located at the focal point, F, the
secondary radiation pattern at the far-field will be a high-gain pencil-beam pattern [4]. In
practice, parabolic reflector antennas are defined using the diameter of the projected
aperture, i.e. D, and focal length to diameter ratio, i.e. F/D. Mathematical equations
which represent paraboloids and a relationship between F/D and the half subtended
angle by the rim, denoted by θ* in Fig. 2.1, are expressed by Eqs. 2.2 and 2.3. The
advantages of using front-fed parabolic reflector geometry are the production of highgain pencil beam radiation with low sidelobe levels and cross polarization. A major
disadvantage of front-fed parabolic reflector geometry is the aperture blockage due to the
feeding system and supporting struts.

Parabolic Dish

r'
’
D

θ'
’ θ*

F

Focal
Point

Fig. 2.1: Front-fed parabolic reflector antenna geometry.

𝑟′ =

tan

𝜃∗
2

2𝐹
1+COS 𝜃′

=

1
𝐹
𝐷

4( )

(2.2)

(2.3)

Offset parabolic reflector geometry, which is a portion of a parent parabola, may
be used in order to counteract issues caused by blockage due to feeding systems [4] such
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that the primary feed is offset from the reflecting surface, thus eliminating the feed
blockage.

In addition to providing a solution for aperture blockage effects, offset

reflector geometry may provide greater isolation between the reflector dish and the
primary feed by utilizing a larger focal length to diameter (F/D) ratio [11]. When the
F/D is increased there will be a corresponding reduction in mutual coupling between the
individual feed elements and the reflector dish [11]. However, offset parabolic reflectors
also have disadvantages which must be considered. One such disadvantage stems from
the use of linearly polarized primary feeds to illuminate an offset reflector, which will
generate a large cross polarized component at the asymmetry plane. As for a circularly
polarized primary feed, the secondary main beam will be squinted in the asymmetry
plane of the offset reflector antenna. An additional disadvantage of using offset reflector
geometry is the complexity of the asymmetric design. Figure 2.2 shows the geometry of
an offset parabolic reflector antenna. In order to design an offset parabolic reflector
antenna, certain parameters must be specified. These parameters are the diameter of the
projected aperture, i.e. D, focal length-to-diameter ratio, i.e. F/D, the half subtended
angle by the offset rim, i.e. θ* , and the offset angle, θ0. The latter is the angle of a tilted
cone with its apex at the focal point, intersecting with the parent parabola, from which an
offset reflector is formed. The relationship between D, F/D, θ0, and θ* is graphically
shown in Fig. 2.2 and mathematically expressed by Eq. 2.4.

sin 𝜃∗

𝐷 = 4𝐹 COS 𝜃

0 +COS 𝜃
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∗

(2.4)

Parabolic
Surface

Parabolic
Surface

D

θ*

θ0

Focal
Point

F
(Top View)

(Side View)

Fig. 2.2: Offset parabolic reflector geometry with diameter, D, offset angle, θ0, and half-subtended angle,
θ*.

2.5: PARABOLIC REFLECTOR WITH ELECTRONIC DPCA CAPABILITIES
Multiple identical aperture antennas or large phased array antennas with identical
subarrays are used in traditional DPCA technique, which considerably adds to the cost
and volume of the antenna unit in MTI radars. To mitigate this, electronically-controlled
DPCAs have been proposed recently which utilize only a single-aperture antenna. The
ability to electronically displace the phase center location of a parabolic reflector dish has
been shown in [12-14].

In these studies, as opposed to multi-aperture antennas in

traditional DPCA, a single-aperture parabolic reflector antenna was fed with dual-mode
open-ended circular waveguides, using combinations of the TE11, TE21, and TM01 modes,
as the primary feed. In each of these studies, the phase center displacement was limited
to only a single direction due to the single polarization nature of the selected primary
feed. Further DPCA techniques have been examined in [15-17], in which authors utilized
dual-mode dual-polarized primary feeds for a parabolic reflector and were able to
electronically displace the phase center of the reflector dish along two orthogonal axes.
In [18] authors studied a tri-mode primary feed in order to develop adaptive aperture
antennas.
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In each of the previously mentioned studies, the phase center motion was
controlled by changing the amplitude and phase excitation of the modes in the primary
feed. These changes allowed the radiation from the primary feed to asymmetrically
illuminate the surface of a parabolic reflector dish. By steering the primary radiation
away from the center of the dish, the phase center location of the dish was also displaced.
The phase center displacement, however, was strictly dependent on the polarization of the
modes, which limited the phase center motion up to two directions, i.e. along the x- and
y-axes. Moreover, an issue with using multimode primary feed antennas arises from the
limited frequency bandwidth.

The frequency bandwidth is limited by the cut-off

frequency of the modes. It should be noted that parabolic reflector antennas are frequency
independent structures as they are a physical realization of the Fourier transform. From
this observation, it is clear that there is a need for research into alternative primary feeds
for parabolic reflector antennas which have the capability to steer their beams in arbitrary
direction within a wide frequency band to allow for the development of electronic
DPCAs using a single aperture antenna, in which the phase center location of the
reflector may be displaced in any direction as desired.
In this thesis, phased array antennas composed of ideal elements, such as
wideband microstrip patch antennas [19-22], will be used as the primary feed for
parabolic reflector antennas. This proposed technique will lead to a cost-effective DPCA
method which will be well-suited for MTI radar systems, as well as synthetic aperture
radars and satellite imaging systems [23, 24]. The phased arrays will be placed in the
focal plane of a parabolic reflector antenna in order to develop a single aperture, multiphase center antenna with identical beams. The phased array will have a progressive
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phase shift applied electronically in order to steer the main beam of the primary radiation.
The resultant steered primary radiation will illuminate a location other than the center of
the surface of a parabolic reflector dish, and it will be shown that the phase center of the
parabolic dish will be displaced proportionally in the direction that the primary radiation
has been steered. In addition to demonstrating that the phase center of a parabolic
reflector dish can be displaced when using a phased array antenna as the primary feed, it
will be shown that the secondary radiation will maintain a well-defined broadside
radiation pattern with a uniform phase distribution across the main beam. This will in
turn make the antenna appear stationary in space, thus narrowing the Doppler spectrum of
the clutter and improving target detection of low-velocity objects.

2.6: SUMMARY
In this chapter, background theory for the DPCA technique, phased array
antennas, and parabolic reflector antennas has been briefly introduced and discussed.
Following those discussions, relevant research to the topic of this thesis has been
presented and analyzed. The proposed research on an electronic DPCA with a versatile
phase center displacement capability, which addresses the shortcomings of already
available DPCA techniques, has also been introduced. Now that some foundational
knowledge has been established, the methodology and results for the investigations
within this thesis will be presented in the following chapters.
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CHAPTER 3

THREE-ELEMENT LINEAR FOCAL PLANE PHASED ARRAY FED PARABOLIC
REFLECTOR

3.1: INTRODUCTION
In this chapter, to establish the proposed DPCA technique via focal plane arrays
in a single-aperture antenna, three-element linear focal plane phased arrays along the Xand Y-axes will be used as the primary feed for a front-fed parabolic reflector antenna.
The design of the arrays will be introduced in section 3.2, and in section 3.3 the linear
phased array will be used as the primary feed for a parabolic reflector dish and the
corresponding results will be presented and discussed. The work in this chapter will serve
as a proof of concept for later chapters.

3.2: DESIGN OF LINEAR PHASED ARRAY
3.2.1: THREE -ELEMENT LINEAR PHASED ARRAY ALONG X-AXIS
In this section, a three-element linear phased array along the X-axis will be
designed. This phased array will be centered about the origin, which is coincident with
the focal point of the reflector antenna, and will have one element in each of the +X and –
X directions. The geometry of the array is shown in Fig. 3.1, where the element spacing
is denoted by d.

13

Y

1

2

3
X
d

d

Fig. 3.1: Geometry a 3-element linear
phased array oriented along the X-axis.

The array factor (AF) for a linear phased array along the X-axis is given by
1

𝐴𝐹 = ∑ 𝑎𝑛 𝑒 𝑗𝑛(𝑘𝑑 sin 𝜃 cos 𝜙+𝛽)

(3.1a)

𝑛=−1

wherein an represents the amplitude excitation for each element in the array which, for
this case, is set to unity and thus forms a uniform linear array. The variable k is the wave
number, and d is the inter-element spacing which is assumed to be 0.25λ, where  is the
wavelength at the selected frequency of 10 GHz. The progressive phase shift, β, is a
function of the desired steered angles, and it allows primary radiation from the array to be
steered along the X-axis. For a steered angle of s and ϕs, the required progressive phase
shift is given by
𝛽 = −𝑘𝑑 sin 𝜃𝑠 cos 𝜙𝑠 .

(3.1b)

The elements which form the linear phased array are considered to be wideband,
such as slotted microstrip patches [19-22]. For simplicity and without loss of generality,
their far-field radiation patterns are approximated by the cos-q function [25]. For an X-
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polarized radiating element, the spherical components of the electric field at the far-field
region are given by Eq. 3.2.
𝐸𝜃 = − cos 𝑞 𝜃 cos 𝜙

(3.2a)

𝐸𝜙 = cos𝑞 𝜃 sin 𝜙

(3.2b)

The normalized radiation pattern for the three-element linear array along the Xaxis with element patterns approximated by Eq. 3.2 is shown in Fig. 3.2. The E- and Hplane radiation patterns are both shown. The observation angle of θ is swept within ±90°
in order to account for forward radiation patterns of the feeding elements, assuming an
infinite ground plane size. In practice, however, there is some backlobe radiation, which
may attribute to the spillover loss, common in reflector antenna applications.

(a)

(b)

Fig. 3.2: Normalized radiation patterns for the three-element linear phased array along the X-axis with =0o
and d=/4 at the (a) ϕ = 0° and (b) ϕ = 90° planes.

One of the main advantages of using a phased array antenna is the ability to steer
the main beam of radiation. Table 3.1 lists several different cases which will be used to
steer the radiation from the three-element linear array along the X-axis. Figure 3.3 shows
the representative radiation patterns for each case listed in Table 3.1.
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(a)

(b)

Fig. 3.3: Normalized radiation patterns at the ϕ = 0° plane for (a) cases I, II, and III, (b) cases IV and V, as
listed in Table 3.1.

TABLE 3.1: LIST OF CASES WITH DIFFERENT STEERED ANGLES GENERATED BY THE 3-ELEMENT LINEAR ARRAY
O
DEFINED BY EQS. 3.1 AND 3.2 WITH S=0 ; ALL THREE ELEMENTS ARE UNIFORMLY EXCITED IN MAGNITUDE.

Case

 (deg)

s (deg)
Element#1

Element#2

Element#3

Case I

0

0

0

0

Case II

6.3

15.62

0

-15.62

Case III

12.3

30.78

0

-30.78

Case IV

17.9

45

0

-45

Case V

22.7

57.85

0

-57.85

3.2.2: THREE -ELEMENT LINEAR PHASED ARRAY ALONG Y-AXIS
The geometry for a three-element linear phased array along the Y-axis is shown in
Fig. 3.4. This array will have identical inter-element spacing as the three-element linear
array oriented along the X-axis, and it will also be uniformly excited. The array factor for
this array is given by Eq. 3.3.
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Y

3
2

d
X
d

1

Fig. 3.4: Geometry for a 3-element
linear array oriented along the Y-axis.

1

𝐴𝐹 = ∑ 𝑒 𝑗𝑛(𝑘𝑑 sin 𝜃 sin 𝜙+𝛽)

(3.3a)

𝑛=−1

𝛽 = −𝑘𝑑 sin 𝜃𝑠 sin 𝜙𝑠

(3.3b)

The element radiation pattern will again be approximated using Eq. 3.2. It should
be expected that radiation patterns for each of the two previously discussed linear arrays
should be similar with the difference that the radiation patterns will be swapped in the
principal planes. That is, for the linear array along the Y-axis the steered main beam
occurs in the ϕ = 90°, as opposed to the linear array along the X-axis which scans the
main beam in the ϕ = 0° plane. Due to this similarity, the results for the Y-axis oriented
linear array have been omitted here for brevity.

3.3: FOCAL PLANE LINEAR PHASED ARRAY PRIMARY FEED FOR PARABOLIC
REFLECTOR
The geometry for the previously described three-element linear array along the Xaxis, being used as the primary feed placed in the focal plane of a parabolic reflector dish,
is shown in Fig. 3.5. The parabolic reflector dish has a diameter, D, of 30λ and a focal
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length-to-diameter ratio, F/D, of 0.375. This F/D will correspond to a half-subtended
angle of approximately 67°, as per Eq. 2.3.

Referring back to Fig. 3.2, this half-

subtended angle will correspond to an edge illumination taper of approximately -16 dB
for the ϕ = 0° plane and -9 dB for the ϕ = 90° plane when the radiation from the array is
steered to the boresight direction of = 0o. The operating frequency is 10 GHz.
Parabolic surface
Focal point

X

Z
Y

Fig. 3.5: Geometry of a parabolic reflector dish with the three-element linear phased array primary feed,
defined by Eqs. 3.1 and 3.2; the array is symmetrically placed in the focal plane of the reflector.

In order to test the ability of the linear phased array primary feed to displace the
phase center location of the parabolic dish, the array will be steered to each of the cases
in Table 3.1. The results from each of the cases will be compared to the broadside case,
i.e. case I, for which the phase center is coincident with the reflector apex. The secondary
radiation and corresponding phase patterns when the linear phased array is steered to
broadside are shown in Fig. 3.6. From this figure, it is clear that for the broadside case
there is a uniform phase distribution across the main beam of radiation in both principal
planes, as is expected. The difference in SLL for the principle planes is due to the
different edge taper in each of the principal planes. There are two main factors that must
be considered when displacing the phase center of the parabolic dish: (1) there is a
constant phase distribution across the main beam and (2) the radiation remains a well-
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defined broadside pattern. The latter would ensure that the antenna is stationary in space
as its phase center location is moved. The following series of figures will show the
secondary radiation patterns and a comparison of the phase distribution at the aperture
center versus the displaced phase center location for the remaining cases listed in Table
3.1.
To determine the location of the displaced phase center, two coordinate systems
are defined at the aperture of the parabolic dish. One coordinate system is stationary and
will mark the location of the aperture center, in line with the vertex of the parabolic dish.
The second coordinate system will be used to locate the position of the displaced phase
center for cases II-V. When the primary radiation is steered along the X-axis, the
displaced phase center (DPC) coordinate system is shifted laterally in the same direction
that steering occurs. More clearly, if the primary radiation is steered along the +X-axis,
the coordinate system will be shifted along the +X-axis. The displaced phase center is
considered to be the location at which the DPC coordinate system produces a constant
phase distribtuion across the main beam of the secondary radiation pattern.

(a)

(b)

Fig. 3.6: (a) Secondary radiation patterns when linear phased array primary feed is steered to broadside, and
(b) the corresponding phase pattern.
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(a)
(b)
Fig. 3.7: (a) Secondary radiation patterns at the principal planes and (b) phase patterns at the =0o plane for
case II from Table 3.1. The phase center displacement for this case is 0.67λ along the +X-axis.

(a)
(b)
Fig. 3.8: (a) Secondary radiation patterns at the principal planes and (b) phase patterns at the =0o plane for
case III from Table 3.1. The phase center displacement for this case is 1.3λ along the +X-axis.

(a)
(b)
Fig. 3.9: (a) Secondary radiation patterns at the principal planes and (b) phase patterns at the =0o plane for
case IV from Table 3.1. The phase center displacement for this case is 2.1λ along the +X-axis.
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(a)

(b)

Fig. 3.10: (a) Secondary radiation patterns at the principal planes and (b) phase patterns at the =0o plane
for case V from Table 3.1. The phase center displacement for this case is 2.9λ along the +X-axis.

By comparing Figs. 3.7(a)-3.10(a), it is clear that as total phase center location is
farther displaced from the reflector apex, the secondary radiation patterns remain axial
with a main beam at the = 0o direction, resulting in a stationary pattern in space.
However, the sidelobes and few minor lobes will tend to merge at the E-plane, along
which the phase center is displaced. It should be noted that the plots for the displaced
phase and aperture center phase distributions are for the ϕ = 0° plane, as the phase for the
ϕ = 90° plane remains unchanged. This is due to the fact that the three-element focal
array will only control the primary patterns along the X-axis, i.e. the = 0o plane. Figures
3.11 and 3.12 provide a representation on how the directivity and SLLs change as the
primary radiation is steered and the phase center is displaced, respectively. As can be
seen from Fig. 3.11, there is a loss of directivity as the primary radiation is steered to
extreme values. That is, the total loss in directivity from the broadside case to the most
extreme case, case V, is approximately 1.2 dB, where the phase center is displaced along
the X-axis by ~±3. For further clarification, the surface current distributions for the
parabolic dish for cases I and V are shown in Figs. 3.13 and 3.14. The results when using
the Y-axis linear array to feed a parabolic reflector are expected to be similar and are thus
omitted here for brevity.
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Fig. 3.11: Directivity and SLLs against the steered angles of the primary beam defined by Eqs. 3.1 and
3.2.
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Fig. 3.12: Normalized phase center displacement, denoted by dpc, compared to the aperture center
location of the reflector antenna against the steered angles of the primary beam defined by Eqs. 3.1 and
3.2.
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Fig. 3.13: Surface current distribution for parabolic reflector
dish when the primary radiation is steered to case I in Table
3.1; total phase center displacement = 0

Fig. 3.14: Surface current distribution for parabolic reflector
dish when primary radiation is steered to case V in Table
3.1; total phase center displacement = ~3λ
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3.4: SUMMARY
In this chapter, a three-element linear phased array along the X-axis has been used
as the primary feed for a parabolic reflector dish. The array was placed in the focal plane
of the reflector. The primary radiation from the feeding phased array has been steered
along the X-axis in order to determine the capability to electronically displace the phase
center location of the parabolic dish. It has been shown that by steering the main beam of
radiation from the phased array along the surface of the parabolic dish, the phase center
location of the dish will be displaced along the same direction that the primary radiation
is steered while maintaining stationary radiation pattern in space in the form of a welldefined, broadside secondary pattern.
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CHAPTER 4

SEVEN-ELEMENT CIRCULAR FOCAL PLANE PHASED ARRAY FED PARABOLIC
REFLECTOR

4.1: INTRODUCTION
In Chapter 3, it has been successfully demonstrated that the phase center location
of a parabolic reflector antenna can be displaced along the X- and Y-axes, when it is
illuminated by a three-element phased array placed in the focal plane of a parabolic
reflector antenna. In this chapter, the displaced phase center antenna (DPCA) technique
will further be investigated to show its versatile capabilities to electronically move the
phase center location not only in the two principal planes, but also to any arbitrary
direction as desired. This is realized by employing a primary feed of a seven-element
circular phased array, placed in the focal plane of the parabolic reflector antenna. The
focal plane phased array will be electronically steered across the surface of the parabolic
reflector in the ϕ = 0°, 45°, and 90° directions, as representative cases, in order to
demonstrate that the phase center of the parabolic dish may be displaced along any
arbitrary direction on the surface of the parabolic dish.

4.2: DESIGN OF SEVEN-ELEMENT CIRCULAR PHASED ARRAY
The seven-element circular array is composed of six peripheral elements equally

26

positioned around a circle of radius d, surrounding a seventh element located at the
origin. The geometry of the array is shown in Fig. 4.1.
Y
1

2

d
3

0

6

4

X

5

Fig. 4.1: Geometry of a seven-element circular phased array, with the radiating elements defined by Eq. 4.2

The array factor for this array is shown to be governed by,
𝑁

𝐴𝐹 = 1 + ∑ 𝑒 𝑗[𝑘𝑑𝑠𝑖𝑛𝜃 cos(𝜙−𝜙𝑛)+𝛽𝑛] ,

(4.1a)

𝑛=1

wherein n represents the progressive phase shift between each element and ϕn represents
the angular position of each element within the array. The amplitude excitation of the
first element is assumed to be unity. The mathematical expressions for βn and ϕn are
given by
𝛽𝑛 = −𝑘𝑑𝑠𝑖𝑛𝜃𝑠 cos(𝜙𝑠 − 𝜙𝑛 )
𝑛

𝜙𝑛 = 2𝜋 (𝑁),

(4.1b)
(4.1c)

wherein d is the distance from the origin to each element or, more clearly, the radius of
the circular array, and N is the total number of elements around the circular array. This
does not include the element placed at the origin. For this particular array, the radius is
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one-half wavelength, that is d = 0.5λ, and the total number of elements excluding the
element at the origin is 6, i.e. N = 6.
For simplicity, the antenna elements are considered to be wideband microstrip
patch antennas [19-22], and the element radiation pattern of the array is modeled by the
cos-q function [26] with wider beams than the ones defined by Eq. 3.2

and is

approximated by,
𝐸𝜃 = −𝑐𝑜𝑠 𝑞 (𝜃/2) cos(𝜙)

(4.2a)

𝐸𝜙 = 𝑐𝑜𝑠 𝑞 (𝜃/2) sin(𝜙),

(4.2b)

wherein the tapering factor, q, is equal to 0.5 in our investigation. One of the advantages
of this array is that it is no longer restricted to being steered along only one direction. It
can be steered to any arbitrary point in space. Figure 4.2 graphically represents examples
of individual potential phase centers that may occur when the primary radiation is steered
across the surface of the parabolic dish.
Parabolic
Surface

Y
Displaced phase center
locations

X

Fig. 4.2: Graphic representation of potential
individual phase center location

Table 4.1 lists five separate cases that will be used to steer the radiation from this
array along the surface of the parabolic reflector. In Fig. 4.3, the radiation pattern is
steered to each case listed in Table 4.1 for the cases ϕs = (a) 0°, (b) 45°, and (c) 90°.
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TABLE: 4.1 STEERED ANGLES FOR 7-ELEMENT CIRCULAR ARRAY

Case
I
II
III
IV
V

Estimated Steered
Angle (θs)
0°
5°
10°
15°
19°

(a)

(b)
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Phase shift (n)
0°
-7.8°
-15.6°
-23.3°
-30.8°

(c)
Fig. 4.3: Radiation patterns for the seven-element circular array with d=0.5λ. The
radiation is steered along (a) ϕs = 0°, (b) 45°, and (c) 90°.

4.3: PHASED ARRAY FED PARABOLIC REFLECTOR
Figure 4.4 shows the geometry for a parabolic reflector dish that has a sevenelement circular phased array primary feed placed in the focal plane of the reflector
antenna. The parabolic reflector antenna has diameter, D, equal to 30λ, and a focal-todiameter ratio of 0.6868, which corresponds to a half-subtended angle of 40°. Upon
examination of Fig. 4.3, it is clear that, at the half-subtended angle of the parabolic
reflector dish, the broadside radiation from the primary feed will lead to an edge
illumination of approximately -10 dB in each plane.

Parabolic surface
Focal
point

X

Z
Y
7-element
circular array
Fig. 4.4: Geometry for a parabolic reflector dish with sevenelement circular array as a primary feed, the array is placed at
the focal plane of the reflector.
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The secondary radiation patterns and phase distributions are shown in Fig. 4.5 for
the parabolic reflector antenna when the primary feed has a broadside radiation pattern,
which accords with case I in Table 4.1. The secondary radiation pattern is well-defined
and broadside as is expected, and a constant phase distribution is maintained across the
main beam in both the ϕ = 0° and 90° planes. In the following sections, the primary
radiation will be steered across the surface of the parabolic reflector dish along the Xand Y-axes in order to determine that the phase center of the parabolic dish may be
displaced in each direction. Following the demonstration that the radiation can be steered
along both axes, the primary radiation will be steered along the ϕ = 45° direction, in order
to verify that the phase center of the parabolic reflector can be displaced in any arbitrary
direction when using the proposed focal plane array as a primary feed.

(a)

(b)

Fig. 4.5: Secondary radiation patterns for the parabolic reflector with the seven-element circular array
primary feed steered to case I in Table 4.1.

In order to determine the displaced phase center location, two coordinate systems
have been defined at the aperture of the parabolic reflector dish. The first coordinate
system is defined above the vertex of the parabolic dish to mark the aperture center, and
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the second coordinate system will move relative to the aperture center coordinate system
in order to determine the location of the displaced phase center. The displaced phase
center coordinate system is shifted along the same axis that the primary radiation is
steered along until a uniform phase pattern is obtained. The amount of the displaced
coordinate systems will represent the new phase center location of the antenna. In other
words, the displaced phase center is considered to be the location at the parabolic
reflector dish aperture in which the phase pattern, for the plane in which the steering
occurs, is constant across the main beam.

4.3.1: PHASE CENTER DISPLACEMENT ALONG THE PRINCIPAL PLANES
In this section, the phase center displacement along the principal planes, i.e. the
X- and Y- axes, will be presented using a two-dimensional phased array as the primary
feed in a single-aperture parabolic dish. The seven-element circular phased array will
steer the primary main beams along the surface of the parabolic dish as per cases I-V in
Table 4.1, and the resultant directivity and phase patterns will be plotted and compared.
The expected result is to maintain a relatively well-defined, broadside radiation pattern
with a uniform phase distribution along the main beam when viewed from the displaced
phase center. For this study, the radiation pattern was considered to be well-defined until
there was a sufficient drop in directivity, taken to be 3dB below case I as this would
account for a decrease in power by one-half. It is also expected that the radiation and
phase patterns remain constant along the axis that the primary radiation is not steered. For
example, if the primary radiation is steered along the ϕ = 0° plane, then the radiation and
phase patterns for the ϕ = 90° plane will remain unchanged.
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Figure 4.6 shows a comparison of the phase patterns at the aperture center and the
displaced phase center in the ϕ = 0° and 90° planes. Fig. 4.6(a) shows the phase pattern
for the principle planes at the aperture center. Note how the phase pattern for the ϕ = 0°
plane is not constant across the main beam of radiation shown in Fig. 4.5(a). For a
constant phase across the main beam, the phase center is shown to be displaced
approximately one wavelength along the X-axis. This is shown in Fig. 4.6(b).

(a)

(b)

Fig. 4.6: Phase patterns when the primary radiation is steered to case II in Table 4.1 along the s=0o for the
(a) aperture center and (b) displaced phase center location (x = λ).

Figures 4.7-4.10 show the radiation and phase patterns for cases II-V in Table 4.1
in the ϕ = 0° plane. For all these cases, the secondary radiation patterns remain axial as
the phase center is displaced away from the physical center of the reflector aperture.
Moreover, the wider the primary beam scanned away from the boresight direction, the
farther the phase center location moves towards the reflector rim. Figure 4.11
demonstrates how the directivity, SLLs, and phase center displacement change with
respect to the steered angle of the focal plane array under investigation. By examining the
figures, it is clear that, as the primary radiation is steered away from the vertex of the
parabolic dish, the secondary radiation pattern in the plane that the steering takes place
becomes progressively less well-defined in that the SLL and minor lobes start merging
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with the main beam. Meanwhile, the secondary radiation and phase patterns in the ϕ =
90° plane remain mostly constant, as can be seen in Figs. 4.7-4.10.
The phase shifts given in Table 4.1 are for the first element as shown in Fig. 4.1.
The phase shift will change progressively between each element along the circumference
of the array, and the phase shift of the center element will always be zero. The phase
shifts for case II are given in order from one to six as follows: -7.8°, 7.8°, 15.7°, 7.8°, 7.8°, and -15.7°. The progressive phase shift for cases III-V will follow the same pattern
of elements one, five, and six being negative, as well as elements three and six being
approximately double the phase shift of the remaining elements.
The results for the ϕ = 90° case are similar and thus the radiation patterns for each
steering case have been omitted for brevity. The key difference between the two cases is
that the SLL would increase in the ϕ = 90° plane as opposed to the ϕ = 0° plane, and the
phase center displacement would occur along the Y-axis. A summary of the results for
the ϕ = 90° plane are shown in Fig. 4.12. To complete this study, the surface current
distributions are plotted in Figs. 4.13 and 4.14 for cases I and V of Table 4.1,
respectively.
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(a)
(b)
Fig. 4.7: (a) Secondary radiation patterns at the principal planes and (b) phase patterns at the =0o plane
when the primary radiation is steered to case II in Table 4.1 along the s=0o.

(a)

(b)

Fig. 4.8: (a) Secondary radiation patterns at the principal planes and (b) phase patterns at the =0o plane
when the primary radiation is steered to case III in Table 4.1 along the s=0o.
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(a)

(b)

Fig. 4.9: (a) Secondary radiation patterns at the principal planes and (b) phase patterns at the =0o plane
when the primary radiation is steered to case IV in Table 4.1 along the s=0o.

(a)
(b)
Fig. 4.10: (a) Secondary radiation patterns at the principal planes and (b) phase patterns at the =0o plane
when the primary radiation is steered to case V in Table 4.1 along the s=0o.
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(a)

(b)
Fig. 4.11: (a) Directivity and SLL versus steered angle and (b) normalized phase center
displacement versus steered angle for each case in Table 4.1 for the ϕ = 0° plane.
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(a)

(b)
Fig. 4.12: (a) Directivity and SLL versus steered angle and (b) normalized phase center
displacement versus steered angle for each case in Table 4.1 for the ϕ = 90° plane.
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Fig. 4.13: Surface current distribution on parabolic dish
surface when primary radiation is steered along the ϕs = 0° to
to case I in Table 4.1.

Fig. 4.14: Surface current distribution on parabolic dish
surface when primary radiation is steered along the ϕs = 0° to
to case V in Table 4.1.
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4.3.2: PHASE CENTER DISPLACEMENT ALONG THE DIAGONAL PLANE
In this section, it will be demonstrated that, in addition to the X- and Y-axes, the
phase center may be displaced in any arbitrary direction along the surface of the parabolic
reflector dish. In order to verify this, the primary radiation will be steered along the ϕ =
45° plane. The secondary radiation and phase patterns corresponding to cases II – V in
Table 4.1 are shown in Fig. 4.15.

(a)

(b)

(c)

(d)
Fig. 4.15: Secondary radiation patterns for (a) case II, (b) case III, (c) case IV, and (d) case V in Table 4.1
when the primary radiation is steered along the ϕs = 45°.

When analyzing the secondary phase pattern as the primary radiation is steered
along the ϕs = 45° plane, it is expected that there should be an equivalent change in both
the ϕ = 0° and ϕ = 90° planes. A representative example of this is shown in Fig. 4.16(a),
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in which the phase distribution is plotted when the primary radiation is steered along the
ϕs = 45° to case II in Table 4.1. Based on the results shown in the previous section, it is
clear that there is phase center displacement occurring along both principle planes. For
this particular case, the phase center has been displaced approximately 1.1λ along the ϕ =
45° direction. Fig. 4.16(b) shows the phase pattern for the parabolic reflector antenna at
the displaced phase center location.

(a)

(b)

Fig. 4.16: (a) Phase patterns at the aperture center for the parabolic reflector antenna when the primary
radiation is steered along ϕs = 45° to case II in Table 4.1. (b) Phase pattern at the displaced phase center
location (1.1λ along ϕ = 45°).

Figures 4.17 – 4.19 show how the phase patterns change as the primary radiation
is steered along the ϕs = 45° to cases III - V in Table 4.1. Figure 4.20 shows the surface
current distribution for the parabolic dish for case V in Table 4.1. Figure 4.21 has a
graphical representation of how the directivity and SLLs change in terms of the steered
angle of the focal plane array and provides a comparison of the displaced phase center
location versus the steered angle. It is clear from these results that by steering the primary
radiation along the surface of a parabolic reflector dish, the phase center location may be
displaced to any arbitrary position on the surface of the dish.
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(a)

(b)

Fig. 4.17: (a) Phase patterns at the aperture center for the parabolic reflector antenna when the primary
radiation is steered along ϕs = 45° to case III in Table 4.1. (b) Phase pattern at the displaced phase center
location (2.1λ along ϕ = 45°).

(a)

(b)

Fig. 4.18: (a) Phase patterns at the aperture center for the parabolic reflector antenna when the primary
radiation is steered along ϕs = 45° to case IV in Table 4.1. (b) Phase pattern at the displaced phase center
location (3.2λ along ϕ = 45°).

(a)

(b)

Fig. 4.19: (a) Phase patterns at the aperture center for the parabolic reflector antenna when the primary
radiation is steered along ϕs = 45° to case V in Table 4.1. (b) Phase pattern at the displaced phase center
location (4.3λ along ϕ = 45°).
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Fig. 4.20: Surface current distribution on parabolic dish surface when primary
radiation is steered along the ϕs = 45° to case V in Table 4.1.
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(a)

(b)
Fig. 4.21: (a) Directivity and SLL versus Steered Angle and (b) phase center displacement for
each case in Table 4.1 when the primary feed is steered along the ϕs= 45°.
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In Fig. 4.21(b) the total phase center displacement is found by calculating the
radial distance, r, away from the vertex of the parabolic dish. The relationship
between r and the phase center displacement along the X- and Y-axes is given by,
𝑟 = √𝑋 2 + 𝑌 2

(4.3)

4.4: SUMMARY
In this chapter, a seven-element circular array has been designed and analyzed.
The array has been used as the primary feed, placed in the focal plane of a parabolic
reflector antenna, in order to determine the ability of the array to displace the phase
center location of the parabolic dish. It has been shown that the phased array primary feed
can displace the phase center of the parabolic dish along the X- and Y-axes. More
importantly, in addition to those axes, it has been shown that the phased array may be
used to displace the phase center of the dish along any arbitrary direction.

45

CHAPTER 5

OFFSET PARABOLIC REFLECTOR FED BY SEVEN-ELEMENT CIRCULAR PHASED ARRAY

5.1: INTRODUCTION
In this chapter, the phased array described in Section 2 of Chapter 4 will be used
to feed an offset parabolic reflector dish. First, the geometry of an offset parabolic dish
will be given. Later, the results of the displaced phase center locations, directivity, and
SLL will be presented and discussed. It will be shown that the seven-element focal plane
array will electronically displace the phase center location of the offset geometry as well
along the surface of the dish.

5.2: OFFSET PARABOLIC DISH
The geometry for an offset parabolic dish with the seven-element focal plane
phased array as the primary feed is shown in Fig. 5.1. The offset parabolic dish has a
diameter of 30λ with a focal length-to-diameter ratio, F/D, of 0.8λ. The dish is offset by
an angle of 45.24° and the clearance distance is 5λ along the X-axis.
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Fig. 5.1: Geometry of offset parabolic reflector dish with phased array primary feed.

5.3: OFFSET PARABOLIC REFLECTOR FED BY FOCAL PLANE PHASED ARRAY
In the following sections, the seven-element circular phased array will be used as
the primary feed for an offset parabolic reflector antenna in order to study the ability of
the array to displace the phase center location of an offset parabolic dish. The study will
be carried out using the same methodology as the front-fed parabolic dish in Chapter 4.
The primary radiation from the phased array will be steered along the ϕs = 0°, 45°, and
90° to the angles given in Table 5.1.
TABLE 5.1: STEERED ANGLES FOR 7-ELEMENT CIRCULAR ARRAY WITH A TRIANGULAR LATTICE

Case
I
II
III
IV
V

Estimated Steered Angle (θ)
0°
5°
10°
15°
19°
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5.3.1: PHASE CENTER DISPLACEMENT ALONG THE X-AXIS
The secondary radiation pattern for the offset parabolic dish, when the primary
radiation from the phased array is steered to broadside (β = 0), is shown in Fig. 5.2. It is
clear from examining Fig. 5.2(a) that there is a slight asymmetry in the ϕ = 90° plane.
This asymmetry is due to the geometry of the offset parabolic dish shown in Fig. 5.1.
Figure 5.2(b) shows that when the offset parabolic dish is symmetrically illuminated the
phase distribution is constant across the main beam, as is expected. As in the previous
chapters, each of the steered cases in Table 5.1 will be compared to Fig. 5.2.

(a)
(b)
Fig. 5.2: (a) Secondary normalized radiation patterns and (b) phase distribution versus observation angle
for case I on Table 5.1.

In Figs. 5.3-5.6, the primary radiation patterns from the phased array primary feed
have been steered along the ϕs = 0° to each case in Table 5.1. Each figure will show the
secondary radiation pattern for each test case; additionally, each figure will compare the
phase patterns at the aperture center and the displaced phase center location. It is shown
that as the primary radiation is progressively steered away from the vertex of the offset
dish, the phase center location of the dish will be displaced proportionally in the same
direction. A summary of the results is provided in Fig. 5.7.

The surface current

distribution for the offset parabolic reflector is shown in Fig. 5.8 for cases I and V.
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(a)
(b)
Fig. 5.3: (a) Secondary radiation patterns at the principal planes and (b) phase patterns at the =0o plane
when the primary radiation is steered to case II in Table 5.1 along the s=0o.

(a)

(b)

Fig. 5.4: (a) Secondary radiation patterns at the principal planes and (b) phase patterns at the =0o plane
when the primary radiation is steered to case III in Table 5.1 along the s=0o.
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(a)

(b)

Fig. 5.5: (a) Secondary radiation patterns at the principal planes and (b) phase patterns at the =0o plane
when the primary radiation is steered to case IV in Table 5.1 along the s=0o.

(a)

(b)

Fig. 5.6: (a) Secondary radiation patterns at the principal planes and (b) phase patterns at the =0o plane
when the primary radiation is steered to case V in Table 5.1 along the s=0o.
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(a)

(b)
Fig. 5.7: (a) Directivity and SLLs and (b) normalized phase center displacement versus steered angle of
the focal plane array, θs, when steered along the ϕs = 0°.
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(a)

(b)

Fig. 5.8: Surface current distribution for the offset parabolic dish when primary radiation is steered to (a)
case I and (b) case V in Table 5.1.

5.3.2: PHASE CENTER DISPLACEMENT ALONG THE DIAGONAL PLANE
In this subsection, the primary radiation from the phased array will be steered
along the ϕs = 45° to each case in Table 5.1. The secondary radiation patterns for each of
the cases are shown in Fig. 5.9. Since the primary radiation will be illuminating the
offset dish diagonally along the surface, it is expected that the phase pattern changes in
both principle planes. To address this, the phase patterns for each principle plane will be
presented in Figs. 5.10-5.13. The total radial phase center displacement can be calculated
by using Eq. 5.1, shown below.
𝑟 = √𝑋 2 + 𝑌 2

(5.1)

It should be noted that the SLLs at the principle planes will not be identical in this
case due the asymmetry of the offset reflector geometry. A summary of the results for
this situation is shown in Fig. 5.14.
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(a)

(b)

(c)
(d)
Fig. 5.9: Secondary radiation patterns when the primary radiation is steered along ϕs = 45° to (a) case II, (b)
case III, (c) case IV, and (d) case V in Table 5.1.
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(a)
(b)
Fig. 5.10: (a) Phase patterns at the aperture center for the offset parabolic reflector antenna when the
primary radiation is steered along ϕs = 45° to case II in Table 5.1. (b) Phase pattern at the displaced phase
center location (0.76λ along ϕ = 45°).

(a)

(b)

Fig. 5.11: (a) Phase patterns at the aperture center for the offset parabolic reflector antenna when the
primary radiation is steered along ϕs = 45° to case III in Table 5.1. (b) Phase pattern at the displaced phase
center location (1.6λ along ϕ = 45°).
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(a)

(b)

Fig. 5.12: (a) Phase patterns at the aperture center for the offset parabolic reflector antenna when the
primary radiation is steered along ϕs = 45° to case IV in Table 5.1. (b) Phase pattern at the displaced phase
center location (2.5λ along ϕ = 45°).

(a)
(b)
Fig. 5.13: (a) Phase patterns at the aperture center for the offset parabolic reflector antenna when the
primary radiation is steered along ϕs = 45° to case V in Table 5.1. (b) Phase pattern at the displaced phase
center location (3.5λ along ϕ = 45°).
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(a)

(b)
Fig. 5.14: (a) Directivity and SLLs and (b) normalized phase center displacement
versus steered angles of the focal plane array, θs, when steered along the ϕs = 45°.
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Fig. 5.15: Surface current distribution for the offset parabolic dish when primary radiation is steered to
case V in Table 5.1 along the diagonal plane.

5.3.3: PHASE CENTER DISPLACEMENT ALONG THE Y-AXIS
Due to the asymmetry of the offset parabolic dish, the phase center displacement
when the primary radiation is steered along the ϕs = 90° will be slightly less when
compared with the ϕs = 0° case for the same steered angle, θs. This can lead to a
decreased amount of total phase center displacement along the ϕ = 90° plane. The reason
this occurs is due to the curvature of the offset parabolic dish being different along the ϕ
= 0° and ϕ = 90° planes.
Similar to the previous two sections, the secondary radiation and phase patterns
for the offset parabolic dish when the primary radiation is steered along the ϕs = 90° to
cases II-V in Table 5.1 are shown below. A summary of the results is shown in Fig. 5.20.
The surface current distribution for the offset parabolic reflector is shown in Fig. 5.21 for
case V in Table 5.1, when the primary beam is steered along the ϕs = 90°.
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(b)

(a)

Fig. 5.16: (a) Secondary radiation patterns at the principal planes and (b) phase patterns at the =90o plane
when the primary radiation is steered to case II in Table 5.1 along the s=90o.

(a)

(b)

Fig. 5.17: (a) Secondary radiation patterns at the principal planes and (b) phase patterns at the =90o plane
when the primary radiation is steered to case III in Table 5.1 along the s=90o.
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(a)

(b)

Fig. 5.18: (a) Secondary radiation patterns at the principal planes and (b) phase patterns at the =90o plane
when the primary radiation is steered to case IV in Table 5.1 along the s=90o.

(a)

(b)

Fig. 5.19: (a) Secondary radiation patterns at the principal planes and (b) phase patterns at the =90o plane
when the primary radiation is steered to case V in Table 5.1 along the s=90o.
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(a)

(b)
Fig. 5.20: (a) Directivity and SLLs and (b) normalized phase center displacement
versus steered angles of the focal plane array, θs, when steered along the ϕs = 90°.

60

Fig. 5.21: Surface current distribution for the offset parabolic dish when primary radiation is steered to
case V in Table 5.1 along the Y-axis.

In order to further demonstrate that the phase center of the offset parabolic dish
may be displaced in any arbitrary direction, Fig. 5.22 shows the surface current
distribution for the offset dish when the primary radiation is steered along the ϕ = 30°,
45°, and 60°. Based on the current distributions in Fig. 5.22 and previously discussed
results, it can be determined that, as the surface of the offset dish is asymmetrically
illuminated by the primary feed in any arbitrary direction, the phase center of the offset
dish will be displaced in the direction that the primary radiation has been steered. This
indicates that, even for offset reflector geometry, using a phased array as the primary feed
for a reflector antenna is an effective means for the future applications which utilize the
DPCA technique.
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(a)

(b)

(c)
Fig. 5.22: Surface current distribution for the offset parabolic dish when the primary radiation is steered to
case V along (a) ϕs = 30°, (b) ϕs = 45°, and (c) ϕs = 60°.

5.4: SUMMARY
In this chapter, it has been shown that a phased array primary feed for an offset
parabolic dish may be used to displace the phase center location of the dish. The primary
radiation has been steered along the ϕs = 0°, 45°, and 90° in order to observe the DPCA
characteristics of the offset dish when asymmetrically illuminated by the focal plane
primary feed, consisting of a seven-element phased array. Surface current distributions
have been included in order to demonstrate that phase center location of the dish may be
displaced in any arbitrary direction along the dish.
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CHAPTER 6

CONCLUSION AND FUTURE WORK

6.1: CONCLUSION
In this thesis, a novel DPCA technique has been introduced. This technique uses
focal plane phased arrays as the primary feed for parabolic reflector antennas. The
primary radiation from a phased array will be electronically steered along the surface of a
parabolic reflector dish in order to displace the phase center location of the dish.
It has been shown that a linear phased array primary feed for a front-fed parabolic
reflector antenna is capable of displacing the phase center of the parabolic dish. However,
the displacement in this case is limited to the plane in which the array lies; that is, a linear
array along the X-axis may only displace the phase center of a parabolic dish along the
X-axis. The total phase center displacement for this set up was shown to be
approximately ±3λ.
Next, a seven-element circular array was used as the primary feed for a parabolic
reflector antenna, and it has been shown that this array can displace the phase center
location of the parabolic reflector along any arbitrary direction. The total phase center
displacement for this set up has been shown to be approximately ±4λ.
Finally, it has been shown that the seven-element circular array can be used to
displace the phase center location of an offset parabolic reflector in any arbitrary
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direction along the surface of the dish. The total phase center displacement for this set up
is not equivalent in all directions due to the asymmetry of the antenna geometry. The total
phase center displacement for the geometry discussed in this thesis is shown to be
approximately ±4λ along the ϕ = 0°, ±3.5λ along the ϕ = 45°, and ±3λ along the ϕ = 90°.
The research contained in this thesis will be useful for radar based applications,
such as SAR or MTI. The ability to maintain axial beams with electronically controllable
phase center locations within only a single aperture antenna is of vital importance for
such applications. Unlike previously reported DPCAs in which phase center displacement
was limited to the principal planes, the proposed technique is capable of displacing the
effective phase center location in any arbitrary location. Thus, the technique introduced in
this thesis can be effectively used to reduce the cost and complexity of the traditional
DPCA techniques, which needed multiple electrically large aperture antennas or large
phased arrays of multiple subarrays.

6.2: FUTURE WORK
Based on the proposed idea of electronic DPCA with the versatile capability of
electronically displacing the phase center location of a single-aperture antenna along any
arbitrary direction, further research topics are listed below.


Development of a reconfigurable DPCA technique using circularly
polarized focal plane arrays in both symmetric and offset reflector
antennas.
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Cross polarization reduction in offset reflector antennas performing the
proposed DPCA technique with either linearly or circularly polarized
elements.



An investigation on the effects of blockage from the phased array primary
feed on the reflector efficiency.



An investigation on the effects of mutual coupling of the focal plane
arrays on the both the primary and secondary radiation patterns.



A practical validation of the research contained in this thesis.
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